The objective of this study was to investigate the presence of Cryptosporidium and Giardia in different recreational water bodies in Belgium and to estimate the infection risk associated with swimming and other recreational activities. Cryptosporidium oocysts and/or Giardia cysts were detected in three out of 37 swimming pools, seven out of 10 recreational lakes, two out of seven splash parks and four out of 16 water fountains. In the swimming pools no infection risk for Cryptosporidium could be calculated, since oocysts were only detected in filter backwash water. The risk of Giardia infection in the swimming pools varied from 1. for Giardia. However, most positive samples in the recreational lakes belonged to species/genotypes that are either animal-specific or predominantly found in animals. No Cryptosporidium was found in splash parks and water fountains, but the presence of Giardia cysts suggests a risk for human infection. The infection risk of Giardia infection during a 3.5-minute visit to a splash park for children equalled 1.68 × 10
INTRODUCTION
Cryptosporidium and Giardia are important parasites in the aetiology of diarrhoea worldwide. In industrialised countries In non-outbreak-related cases of diarrhoea in Belgian patients, Giardia was identified as the second most prevalent pathogen. In the same study Cryptosporidium was also within the five most commonly detected pathogens, indicating that both parasites occur frequently in patients with gastro-intestinal symptoms (Geurden et al. ) . In Belgium, the national incidence of cryptosporidiosis and giardiosis is 2.5 and 10.8 per 100,000 inhabitants, respectively, with the highest incidence in children (<5 years of age) and young adults (25-44 years old) (Wetenschappelijk Instituut Volksgezondheid
[WIV] ).
Transmission of Cryptosporidium spp. and Giardia spp. occurs from either humans or animals by the faecal-oral route. In humans worldwide C. hominis and C. parvum are the most commonly detected Cryptosporidium species.
sub-assemblage AI is mostly found in animals, whereas sub-assemblage AII is predominantly found in humans (Sprong et al. ) . Sub-assemblage AIII is almost exclusively found in wild hoofed animals. In contrast, there is no clear subgrouping within assemblage B (Sprong et al. ; Feng & Xiao ) . Next to direct contact with an infected host, Cryptosporidium and Giardia can be transmitted through faecal contamination of food or water.
Because of the parasites' ability to survive in the environment, their relative resistance to disinfection and the low number of (oo)cysts needed for infection, Cryptosporidium and Giardia are considered as important waterborne infections (Smith et al. ) . In Belgium, Cryptosporidium and Giardia were detected in surface water that is used for drinking water production (Ehsan et al. ) , but no data are available for recreational water, and the importance of water recreation in the transmission of Cryptosporidium and Giardia in Belgium is unknown. The objective of this study was to investigate the presence of Cryptosporidium and Giardia in public swimming pools, recreational water bodies and splash parks in Flanders (Northern Belgium) and to estimate the infection risk associated with swimming and other recreational activities. Positive samples were genotyped in an attempt to identify the source of infection (human vs. animal).
METHODS Sampling
In total, 99 samples from recreational water bodies in Flanders, Belgium were analysed. From March to October 2010, 36 public swimming pools were sampled. The swimming pools were selected based on an increased risk for faecal accidents or external contamination (i.e. paddling pools, were taken from neighbourhood water fountains (n ¼ 16), splash parks (n ¼ 7) and a water fountain in a boating lake (n ¼ 1).
All samples were transported to the laboratory, stored at 4 W C and analysed within 72 hours.
Detection of Cryptosporidium oocysts and Giardia cysts
A protocol was optimised to detect Cryptosporidium and 
Risk of Cryptosporidium and Giardia infection
Risk of Cryptosporidium and Giardia infection (P inf ) during swimming or other recreational water activities (fishing, boating, canoeing and rowing) was based on the equation
In this DNA extraction and molecular identification DNA was extracted from water samples from recreational lakes that were positive by microscopy for Cryptosporidium and/or Giardia. Positive samples from indoor swimming pools, neighbourhood fountains and splash parks were not genotyped, as numbers of (oo)cysts were too low.
Genomic DNA was extracted from (oo)cysts that were scraped from the microscope slides using the QIAamp (Table 1) .
Eight out of 10 sampled recreational lakes were positive for one or both parasites on at least one sampling occasion. In seven out of 10 lakes Cryptosporidium oocysts were detected once (n ¼ 4) or twice (n ¼ 3), with oocyst counts ranging from 0.07 to 0.60 oocysts per L (Table 2) pools may have introduced a bias, and the calculated infection risk may not be representative of all swimming pools in
Flanders. An increased infection risk has been associated with swimming pools that are frequently visited by young children (Stafford et al. ; Hlavsa et al. ) . Moreover, as cyst viability was not assessed, total cyst counts were used in our risk assessment, assuming 100% viability. Although
Giardia cysts can survive in water for a considerable time (Olson et al. ) , the infection risk is possibly overestimated because of this assumption. However, it should be noted that these are baseline contamination levels and that the infection risk can increase dramatically in the case of a faecal contamination incident or filter malfunctioning.
In seven out of 10 of the investigated recreational lakes has an important impact on the final risk assessment. This is particularly the case when the dose-response varies considerably between different Cryptosporidium species and G. duodenalis (sub)assemblages. For example, within C. parvum a large variation in dose-response estimates was observed, ranging from 5.3 × 10 À3 (Iowa-isolate) to 59.0 × 10 À3 ('Ungar C. parvum' isolate) (Messner et al. ) . In the present study, we allowed for this variation in the risk assessment of Cryptosporidium, but not for Giardia as currently little is known about the variation in doseresponse between different isolates and (sub)assemblages.
Giardia cysts were detected in water samples from three out of 17 fountains and two out of seven splash parks.
Although no Cryptosporidium oocysts were found, it cannot be excluded that low concentrations of oocysts were missed, given the limited sensitivity of the USEPA 
CONCLUSIONS
Cryptosporidium oocysts and/or Giardia cysts were detected in swimming pools, recreational lakes, splash parks and water fountains in Belgium. Although in recreational lakes (oo)cysts were frequently present, most positive samples belonged to species/genotypes that are either animal-specific or predominantly found in animals, suggesting that the risk of infection during recreation is relatively low. Lower contamination rates were found in swimming pools, splash parks and water fountains, but assuming that humans are the most probable source of contamination for these water bodies, these findings suggest a risk for human infection.
